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SOFTWARE ANALYSIS TOOL FOR CDMA SYSTEM 



BACKGROUND OF THE INVENTION 
Network planning requires the system's engineer to predict network performance based 
5 upon geographic data, network configuration, and expected demands. Network planning tools 
that simulate operation of a network provide a convenient method of network planning. Network 
planning tools allow the system designer to simulate the operation of various network 
configurations and make changes to the network based on statistical data output by the 
simulation. The ability to simulate network operations allows system designers to more rapidly 
HP design and implement mobile communication networks. 

ffl One example of a network planning tool is described in U.S. Patent No. 5,710,758 to 

ffl Solomon et al. This patent describes a network planning tool for designing a communication 
m network based on Code Division Multiple Access (CDMA). Another network planning tool is 
7 described in U.S. Patent Application Serial No. 09/825,133, filed on April 2, 2001 , entitled 
ib "SYSTEM AND METHOD FOR RADIO NETWORK DIMENSIONING." This application 
OJ describes how call models can be used in a network planning tool. This application is also 
U incorporated herein by reference. 

Recently, system operators have begun to plan and implement communication networks 

that support high data rate applications. These new communication networks allow a complex 
20 mix of subscriber applications, such as web access, email, and multi-media applications, as well 

as voice. The standards being implemented to support high data rate applications, such as the 

CDMA2000 standard, greatly increase the number of variables that affect network capacity. 

Currently, there is not a network planning tool for simulating communication networks that 

implement the CDMA2000 standard. 

25 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides a network planning tool for communication networks that 
support a complex mix of voice and data users. In one aspect of the invention, a plurality of 
subscriber units are defined based upon demand maps input by the user. Each subscriber unit 
5 is assigned a subscriber type that is associated with a particular application. For each 

application, a desired peak data rate, a minimum data rate, and, possibly, one or more fallback 
data rates are defined. The network planning tool uses the defined data rates in a call 
admission procedure to determine whether a subscriber unit can establish a communication 
link. A separate call admission procedure is performed for both the reverse link and forward link 
tf) channels. 

i| In the call admission procedure for the reverse link channels, the network planning tool 

ji determines, for each subscriber unit, whether the subscriber unit assigned to a particular 

id 

Qi subscriber type running a particular application can establish a communication link at the 
sT desired data rate with at least one base station in the communication network being simulated. 
If If the subscriber unit cannot establish a communication link with at least one base station at the 
ill desired peak data rate, the network planning tool determines whether the subscriber unit can 
jph establish a communication link with at least one base station at one of the fallback data rates 
associated with the application for the corresponding subscriber type. 

In the forward link analysis, the call admission procedure determines whether a selected 
20 base station has sufficient transmit power available for establishing a forward link 

communication channel with the subscriber units. The forward link analysis is performed 
successively for each one of the subscriber units. During the call admission procedure, the 
planning tool determines the available transmit power for the selected base station and the 
forward link transmit power required to establish the forward link channel between the 
25 subscriber unit and the selected base station at the desired peak data rate. The planning tool 
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then compares the forward link transmit power with the available forward link transmit power. If 
the required forward link transmit power is lower than the available forward link power, the 
subscriber unit is admitted. Call admission criteria may consider other limiting factors, such as 
Walsh Code availability. 
5 In another aspect of the invention, the network planning tool supports multiple radio 

configurations. Different multiple radio configurations can be supported by a subscriber unit and 
also by each radio base station. The planning tool then assigns a supported radio configuration 
to each individual subscriber. The radio configuration is assigned to each subscriber type by 
choosing the radio configuration that minimizes an energy requirement. In a preferred 

|0 embodiment, the radio configuration is selected independently for forward link communications 

m and reverse link communications. 

S In another aspect of the invention, the network planning tool simulates a power reserve 

m for two or more categories of subscribers. The distribution of subscriber units is defined based 
™ on a demand map input by the user. Each subscriber unit is associated with a subscriber 
§£ category. During a forward link analysis, admission of a subscriber unit is dependent upon the 
Ijj available power for a corresponding category of subscribers and the unallocated forward link 
n power. Before beginning the call admission procedure, the total forward link power available to 
a selected base station for serving a plurality of candidate subscriber units is determined. 

During the call admission procedure, the candidate subscriber units are successively 
20 admitted or refused service in a determined order. The CDMA planner may determine order 
based on a variety of techniques. For example, this order may be based on ranking subscribers 
from a predefined subscriber subset by power consumption, or may represent determining a 
random order for subscribers for call admission. For each candidate subscriber unit, the 
planning tool determines the unallocated total forward link power and the available power for a 
25 corresponding subscriber category. The candidate subscriber is admitted if the additional power 
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requested by the candidate subscriber is within the limits of the unallocated total forward link 
power and the available power for the corresponding subscriber category. Otherwise, the 
candidate subscriber is refused admission. 

In another aspect of the invention, during admission, the additional power 
5 requested by the candidate subscriber unit is determined based on a desired peak data rate. If 
the additional power requested by the candidate subscriber unit exceeds the unallocated total 
power or the available power for the corresponding subscriber category, the additional power 
requested by the candidate subscriber may be recomputed based on one or more fallback data 
rates. After recomputing the additional power requested by the candidate subscriber unit, the 
|p admissions procedure is re-executed until either the subscriber unit is admitted or until the 
5 minimum data rate is reached. 

f! BRIEF DESCRIPTION OF THE DRAWINGS 

~" Fig. 1 is a flow diagram overview of the CDMA planner operation. 

ffS Fig. 2 is a flow diagram overview of iterative reverse link analysis. 

yS Fig. 3 is a flow diagram overview of reverse link call admission. 

2 Fig. 4 is a flow diagram of reverse link fundamental channel transmit power calculations. 

Fig. 5 is a flow diagram of power bounding applied to the calculation results of Fig. 4. 

Fig. 6 is a flow diagram of reverse link supplemental channel transmit power 
20 calculations. 

Fig. 7 is a flow diagram of reverse link supplemental channel power on a per channel 

basis. 

Fig. 8 is a flow diagram of upper and lower bounding applied to supplemental channel 
power calculation results. 
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Fig. 9 is a flow diagram of the calculation of the number of supplemental channels 
required by a subscriber unit. 

Fig. 10 is a flow diagram of reverse link fall back procedures. 
Fig. 11 is a flow diagram overview of forward link analysis. 
5 Fig. 12 is a flow diagram of full rate forward link traffic channel power calculations. 

Fig. 13 is a flow diagram of power bounding applied to the results of forward link traffic 
power calculations. 

Fig. 14 is a flow diagram of average forward link traffic channel power calculations. 

Fig. 15 is a flow diagram of total average powers for the calculations of Fig. 14. 
% Fig. 1 6 is a flow diagram of identifying subscribers 1 serving sectors. 

^ Fig. 1 7 is a flow diagram of forward call admissions/blocking overview steps. 

~ : Figs. 1 8A and 1 8B are continuations of the flow of Fig. 1 7. 

% Fig. 19 is a flow diagram of total voice and data power calculations per sector. 

%. Fig. 20 is a flow diagram of forward call blocking with handoff . 

35 Fig. 21 is a continuation of Fig. 20. 

■ Fig. 22 is a flow diagram of power bucketing procedures for call admission with handoff. 

^ Fig. 23 is a flow diagram of power limited sector removal for call admission. 

Fig. 24 is a flow diagram of forward call blocking with no handoff. 

Fig. 25 is a flow diagram of power bucketing procedures for call admission with no 
20 handoff. 



DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to a software planning tool to predict the performance of a 
code division multiple access (CDMA) communication network. Preferably, the tool supports 
25 multiple generations of CDMA technology. For convenience, the software planning tool is 
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referred to herein as the CDMA planner, or simply as the "planner." The CDMA planner predicts 
CDMA network performance based upon geographic data, demand data, and network 
configuration data entered by a user. The CDMA planner simulates the operation of a CDMA 
network compatible with the main enhancements proposed by the TIA/EIA IS-2000A standard, 
5 predicts coverage areas served by the network, and outputs performance data useful to network 
planners to evaluate performance of a particular network configuration supporting voice and 
data applications. With its support of the TIA/EIA IS-2000A standard, the planner supports and 
is compatible with prior generations of CDMA technology. 

Figure 1 is a flow diagram illustrating how simulation of a CDMA network is performed. 
IJ) The CDMA analysis begins at step 1 00 and at step 1 02 the user inputs geographic data and 

network configuration data into a general purpose programmable computer used to perform the 
W simulation. The input data may be stored in a permanent memory device. The geographic data 
'■O contains a description of the market area served by the network and neighboring region. The 
5 market area is divided into bins, which comprise small portions of the market area served by the 
% network. Each bin has an associated XY coordinate that is used to compute the distance of that 
P bin from various radio base stations within the network, and an associated vertical height H 

relative to some reference height. The geographic data is needed for path loss calculations, as 
will be hereinafter described. 

The network configuration data comprises the location of the base stations within the 
20 network, the type of equipment used by the base stations, the frequencies assigned to the base 
stations, and numerous operating parameters pertaining to the operation of the base stations. 
Each base station serves a cell or sector k within the network. Network configuration 
information may also include subscriber unit parameter settings, call model definitions or 
specifications, and general CDMA technology parameter specification. 
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At step 104, the user inputs demand data. The demand data may, for example, 
comprise a data set that contains demand in simultaneous users per square kilometer for every 
bin in the market area. In instances where land use data is available for the coverage area of 
the network, demand can also be computed from a land use map table containing demand 
5 density information for each land use category. Uniform demand specified on a system-wide 
basis, or per selected regions, is also an option. 

At step 106, the user creates a set of subscriber types that is used in calculations 
performed by the CDMA planner. The subscriber type definitions include, for example, the 
minimum and maximum transmit power of the subscriber unit, the number of demodulator units, 
CD cable losses and body losses caused by shielding. Each subscriber type definition is 
m associated with a call model and with a particular application. 

W In the following discussion the notation imiibin,^) represents a mapping from bin and 

* ! frequency assignment space to a subscriber type, where ibin represents a particular subscriber 
JS unit located in bin number "ibin' and /, represents a frequency assignment. 
£5 At step 1 06, the CDMA planner generates a set of subscribers used in the simulation, 

s i 

C. each denoted by a unique ibin . The subscriber units are placed in randomly selected bins in 
the coverage area and may be distributed in accordance with the subscriber distribution 
information provided by the user of the CDMA planner (e.g., uniform or non-uniform 
distribution). The subscriber type for each subscriber unit is distributed according to the 

20 demand map specified by the user. 

The CDMA planner analyzes the performance of the CDMA network given this 
distribution of subscriber units within the network, with the analysis being complete after the 
CDMA planner converges in all of the trials specified by the CDMA planner user. The analysis 
can be performed numerous times with different sets of users each time, with each run 

25 corresponding to a trial, and where each trial comprises a set of analysis iterations. 

7 



EWC Docket No. P12791 
Coats & Bennett Docket No. 4740-008 



Alternatively, the CDMA analysis can be performed based on a fixed set of subscriber units 
input or determined by the user, which approach uses uniform demand. This latter approach 
may use a defined demand factor (weighting function). 

At step 1 10, a reverse link analysis is performed. The reverse link is the communication 
5 link used by a subscriber unit to transmit information (voice and/or data) to a base station. The 
reverse link analysis determines which locations within the coverage area will be able to 
establish a reverse link connection with at least one base station and, therefore, be able to 
receive service, given the total expected demand and the network configuration. 

At step 112, the CDMA planner performs a forward link analysis. The forward link is the 
© communication link used by the base station to transmit information (voice and/or data) to one 
or more subscriber units. The forward link analysis determines the set of locations within the 
y coverage area where some defined subscriber type is able to establish forward link connections 
yQ with at least one base station. In both the reverse link and forward link analysis, the CDMA 
O planner determines which base stations are able to serve each subscriber unit. 

.,«s:ir 5 

f1j5 At step 1 14 the CDMA planner computes the frequency re-use and load for each sector. 

a The frequency reuse and load computed in step 1 14 is then used by the CDMA planner in step 
1 1 6 to test for convergence. If the convergence criteria are not met, the CDMA planner repeats 
the calculations performed in steps 1 10 through 114 until the convergence criteria is satisfied. 
Once the convergence criteria are satisfied, the analysis continues to stepl 18. 

20 At step 118, the CDMA planner determines whether a predetermined number of trials 

have been performed. If not, the CDMA planner increments an internal counter at step 120 and 
generates a new set of subscriber units that is used to perform reverse link analysis and forward 
link analysis for the next trial. This process is repeated until a predetermined number of trials 
are completed. After the predetermined number of trials is completed, the CDMA planner 

25 outputs performance data at step 122 and the analysis ends at step 124. 
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The output data may take a variety of forms. For example, the CDMA planner may 
generate a variety of individual plots showing reverse link and forward link service areas, mobile 
transmit power for each bin, path loss, handoff maps, loading, total transmit power, and many 
other operating design plots. Other plots, such as subscriber distribution, custom demand, etc., 
5 may also be generated by the CDMA planner. Additionally, the CDMA planner may generate 
statistical data including mean and standard deviations computed from multiple iterations, which 
may be used to analyze performance of the CDMA network. In association with some of the 
generated plots, the CDMA planner may also provide features such as a "spider cursor" that 
provides information based on cursor location, and bin query, all of which help the user in 
ID obtaining more detailed information from the CDMA planner output. 

Wis? 

©3 Figure 2 is a flow diagram illustrating how the CDMA planner performs reverse link 

ffl analysis. The reverse link analysis procedure of Figure 2 begins at step 200. At step 202, the 

oi CDMA planner calculates the total received power at each sector k as shown in Eq. 1 below: 

||1 1 - X(k 9 im(ibm, f i )f i ) 

bk The variables used in Eq. 1 are defined as follows: 
N 0 = thermal noise density (Watts/Hz); 
W - system transmission bandwidth (Hz); 
N f {k) ~ receiver noise figure at sector k; 

20 El(k 9 Fi ) = external interference; 

X{k,im(ibin,f i \f i ) = reverse link load; 
f i - channel center frequency. 
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The thermal noise density N 0 and system transmission bandwidth W are system parameters 
input by the user. The receiver noise figure N f (k) , and the external interference 
El^Jm^bin^f^fi) are sector-dependent parameters. The value of the receiver noise figure 
N c (k) is input by the user to begin the CDMA analysis. The external interference 
Elikjmiibin.f;)/;) represents the noise provided by external sources at sector k. The 

reverse link load is a fixed percentage value defined by the user. 

After computing the total received power at each sector, the CDMA planner calculates at 
step 204 the receiver sensitivity at the radio base station in each sector k for all of the reverse 
link channels (e.g., reverse pilot, fundamental, and supplemental or supplemental code channel, 
each channel per individual subscriber) supported by the simulation. Different processing gains 

ratios for different applications and also for different channels will 



and bit energy-to-noise 



result in different receiver sensitivities for different subscriber units. The CDMA planner 
calculates the receiver sensitivity and stores the calculated values per reverse channel and per 
subscriber unit. The calculated values may be stored as a matrix that can be updated through 
subsequent iterations. 

The CDMA planner calculates the receiver sensitivity for each reverse channel for each 
subscriber according to Equations 2-5 below. 

Rse t_rvs( im (i*>in,fi)) { E^f 
v 1 J 



S C R-FCH (K imiibin, f t )) = - 



W 



(im(ibin,fi)) n ■ 

req_R-FCH 



(Eq. 2) 

P^.(k,im(ibin,f i )) n 



S C R-SCH (k, imiibin, ft )) = 



Rset^siimiibinJi)) ( E b ^° 



W 



\ 1 J 



(im(ibin,fi)) n 

req_R-SCH 
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P tr {k,im{ibin,ft)) n 



(Eq. 3) 



S C R-SCCH (k, im(ibin, ft )) = 
P tr {k,im{ibin,ft)) n 



R set_rvs( im( - ibin >fiV(E b f 



W 



, N t , 
V ' J 



(im(ibin,fj)) n 



req_R-SCCH 



(Eq. 4) 



S C R-PICH (k, imiibin, ft )) = 



req_R-PICH 



(ib{ibin,ft)) n ■ P tr {k,im{ibin,ft)) n 



(Eq. 5) 



The variables used in the sensitivity calculations in Equations 2-5 are defined below. 



{imiibin, ft)) „ is the chip energy (E c ) to total interference (I 0 ) ratio for reverse 



req_R-PICH 



pilot channel. Interference is defined as I a = Ior+I^ + N Q 



{imiibin, fi)),, is the bit energy {E b ) to total noise {N t ) for reverse fundamental 



N. 



t Jreq_R-FCH 

channel. Total noise is defined as N t = I oc +N Q 

R set rvs (im(ibin 9 f i )) n is the reverse link data rate requested by the application associated with 
the subscriber unit. This value is identical to application peak data rate. 



The chip energy to total interference 



\ Ig J 



and bit energy to total noise 



(E \ 
\ 1 J 



ratios are 



subscriber-dependent variables determined by the subscriber type for a particular subscriber 
unit. The maximum and minimum reverse link data rate, likewise, are subscriber-dependent 
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variables dependent upon the subscriber type for a subscriber unit and the application 
supported. These values are input by the user. 

If the subscriber unit supports turbo-coding, then a corresponding correction factor 



should be applied to the bit energy to noise 



V ' J 



ratios. Turbo-coding is expected to be used 



5 for high data rate subscriber applications. Therefore, a turbo-code correction factor for each 
data rate and frame length case may be employed to compensate for coding gains. Preferably, 
in at least some embodiments of the CDMA planner, multiple turbo coding scenarios can be 
supported depending upon which link can support it. 
□ At step 206, the CDMA planner executes a call admission procedure for each subscriber 

jp unit. The purpose of the call admission procedure is to determine which subscriber units can 
S establish a reverse link connection with which sectors k. Those subscriber units unable to 
fft establish a reverse link connection with any sector k are dropped from subsequent calculations. 
I The call admission procedure also determines if the data rate requested by the subscriber unit 
m can be supported or not. If not, the reverse link analysis includes a fall-back negotiation to 
;Jjj5 adjust the data rate. 

U, At step 208, the planner calculates total power received at each sector and the reverse 

link analysis ends at step 210. 

Figure 3 illustrates the call admission procedure in more detail. The call admission 
procedure begins at step 300. At step 302, the CDMA planner calculates the transmit power 

20 required for the fundamental channel to close the reverse link with each sector k given the 

receiver sensitivities calculated in step 204 of Figure 2. The receiver sensitivity represents the 
minimum received power need to detect and successfully demodulate a received signal. Thus, 
in step 302, the CDMA planner calculates the minimum transmit power necessary for the 
subscriber unit to transmit an acceptable signal to each sector k. It is assumed that the 
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minimum amount of power is used since the power control algorithms implemented in IS-2000 
will inherently reduce subscriber unit transmit power levels to the minimum necessary. 

Using the transmit power for the fundamental channel computed in step 302, the CDMA 
planner calculates the transmit power for the reverse pilot channel at step 304. As defined in 
5 the TIA/EIA IS-2000A standard, a subscriber unit must maintain a defined ratio between its 
mean code channel output power (i.e., the reverse fundamental channel and the reverse 
supplemental channel or the dedicated control channel) and its mean pilot channel output 
power. The code channel output power to pilot channel output power ratio is defined as the 
mean code channel output power divided by the mean pilot channel output power. The CDMA 

m planner uses the same ratio to calculate the reverse link pilot power from the power computed 

% for the fundamental channel at step 302 as shown in Eq. 6 below: 

P (p m -v -rpm \ .r 

lit { " r R-PICH )n ~ [ * code-channel'* 1 

S Eq. 6 

O | n Equation 6, the variable p ™ de _ cnanne i refers t0 tne transmit power for the code channel. In 

§5 step 304, the code channel transmit power P™ de _ chanm i 'S set equal to the transmit power of 

i==! the fundamental channel. The power calculated in step 304 is then updated in step 318. 

Computation of the output power ratio shown in Equation 6 is covered in detail in the TIA/EIA 
IS-2000 standard and is, therefore, not described in detail herein. Those interested in how to 
compute the output power ratio are referred to the standard TIA/EIA IS-2000.2a, Physical Layer 

20 Standard for cmda2000 Spread Spectrum Systems, Section 2.1 .2.3.3.2, which is incorporated 
herein by reference. 

At step 306, the CDMA planner sums the transmit power computed for the fundamental 
channel in step 302 and the transmit power for the reverse pilot channel computed in step 304 
to compute the minimum required power to close the reverse link with sector k. At step 308, the 
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minimum required power is compared to the maximum transmit power allowed for the 
subscriber unit to confirm that the subscriber unit has enough power to support the reverse pilot 
channel and fundamental channel. If the subscriber unit does not have enough power to 
support the reverse pilot channel and fundamental channels simultaneously, then that particular 
subscriber unit will not receive service from the sector k and this information is saved by the 
CDMA planner at step 310. The subscriber unit may still be able to close a reverse link with 
another sector k. If the subscriber unit is unable to support the reverse pilot channel and 
fundamental channel within the limits of its transmit power for any sector k, that subscriber unit 
is dropped from subsequent calculations. 

At step 312, the CDMA planner calculates the transmit power for the number of 
supplemental channels required by the application associated with the subscriber unit. 
Calculation of the transmit power for the supplemental channel is shown in Figures 6-8. Under 
the TIA/EIA IS-2000A standard, a subscriber unit may have more than one supplemental 
channel. As will be explained more fully below, the CDMA planner calculates the transmit 
power for a single supplemental channel and determines the number of supplemental channels 
required by the application. The total transmit power for the supplemental channel is then 
computed as the product of the transmit power for a single supplemental channel and the 
number of supplemental channels that is needed for the application. 

The above procedure works for Radio Configurations 1 and 2 (RC1 and RC2), where the 
supplemental channels are supplemental code channels (SCCHs) that require the same amount 
of power. For Radio Configurations 3 and 4 (RC3 and RC4), which use supplemental channels 
(SCH) rather than SCCHs, the same assumption may not be made. That is, each SCH may 
require a different power because they may support different data rates and therefore require 
different Eb/Nt values, which result in different sensitivities for each SCH. Thus, for SCH power 
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calculation, power may be calculated separately for each supplemental channel. Selection of 
radio configurations for simulation purposes are discussed later herein. 

If the transmit power for the supplemental channel computed in step 312 is greater than 
zero, the procedure continues to step 314. It is possible that the transmit power computed in 
step 312 will be zero. This may occur when the power needed for a single supplemental 
channel exceeds the maximum transmit power for the subscriber unit. In this case, the 
subscriber unit data rate is updated to the level supported by the fundamental channel without 
any supplemental channels and the procedure continues to step 316. 

At step 314, the CDMA planner executes a fallback procedure that reduces the 
requested peak data rate for a particular subscriber unit when the subscriber unit is not able to 
support the data rate requested for the application associated with that subscriber unit. To 
support a given data rate, the subscriber unit must support a certain number of supplemental 
channels at certain data rates. The fallback procedure is shown in Figure 10. The fallback 
procedure incrementally reduces the data rate until it reaches a data rate that can be supported 
by the subscriber unit, or until the number of supplemental channels is reduced to zero. 

At step 316, the CDMA planner determines whether the data rate, which may be 
adjusted by the fallback procedure, is greater than or equal to the minimum allowed data rate for 
the application associated with a particular subscriber unit, if not, the subscriber unit does not 
receive reverse link service from the sector k (step 310) and the procedure ends (step 324). If 
the data rate is greater than the minimum allowed data rate, the CDMA planner re-computes the 
reverse pilot power at step 318, taking into account the peak data rate of the supplemental 
channels that can be supported by the subscriber unit. At step 320, the CDMA planner 
computes the total supplemental channel power for the subscriber unit. At step 322, the CDMA 
planner computes power required for all channels and the reverse link analysis ends at step 
330. 
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Figure 4 is an overview of how the CDMA planner calculates the transmit power for the 
fundamental channel. The flow chart of Figure 4 corresponds to block 302 in Figure 3. The 
calculation of the transmit power for the fundamental channel begins at step 400. At step 402, 
the CDMA planner calculates the Effective Isotropic Radiated Power (EIRP) for the fundamental 
channel without soft hand-off gain according to Equation 7 below: 

Sp_ FrH (k,im(ibin,fi)) n 
R-FCH_EIRP% uhmlt ftM ^/ ( )),.JjJ33i— — YR-FCH <B* 7) 

- PL C (k,ib{ibin,ft)) n 

In Equation 7, the term PL™(k)im(ibin,ft)) n represents the total path loss calculated from the 
subscriber unit to sector k. The path loss from each sector k to each subscriber unit may be 
calculated before beginning the reverse link analysis and stored in a matrix. Path loss is 
calculated as shown in Equation 8 below: 

PL™(k,im(ibin,fi)) n = L c fr (k)G r (k,im(ibin,ft) n ■ 
L P (k, im(ibin, ft)) n - L™ (jm(ibin, //))„• 
L penet ^(ibin, ft )) x HAAT _cor(k, im(ibin, ft )) n 

Random _ LG(im(ibin, ft )) n (Eq. 8) 



The terms in Equation 8 have the following meaning: 

L p (k,ix,iy) is the propagation loss from the sector antenna to the subscriber antenna plus any 
land use or sector RF correction. 
L c f r (k) is the sector feeder loss in the receive path. 
20 G r (k,ix,iy,j) is the sector receive antenna gain from the position of the subscriber, 
L™(im(ibin,ft)) is the body loss for a particular type of subscriber. 
L m peml (irnQbin, ft )) is the penetration loss for a given subscriber type. 
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Tr-fch represents the reverse link activity factor for the reverse fundamental channel. 

Returning to the process flow of Figure 4, the CDMA planner computes the pointing 
direction of the main lobe of the subscriber antenna unit at step 404. In this step, it is assumed 
that the subscriber unit antenna is a directional antenna. The sector that requires the minimum 

ElRP m . , „ un (K, imiibin, ft ))„ defines the direction toward which a subscriber with a 

Without oii Cr 

directional antenna should point. This implies that the maximum gain of the mobile station is 
used to decide the pointing direction. The subscriber antenna gain in the pointing direction, 
defined as G m {k,e po - m (m,ibm,f l )) , is then computed at step 406. This computation is based on 

the sector k with the minimum EIRP without soft hand-off gain. 

At step 408, the CDMA planner determines whether a sector k is in the active set for the 
particular subscriber unit considered and determines whether the size of the active set is greater 

than "1 ." If not, the CDMA planner computes the transmit power P™ for the reverse 

*R— FCH 

fundamental channel at step 416 based on the EIRP computed in step 402. This calculation is 
shown in Figure 5. If sector k is in the active set for the subscriber unit and the active set is 
greater than "1 ," the CDMA planner then determines at step 410 whether the soft hand-off gain 
option was selected by the user of the CDMA planner. This is an optional setting for the CDMA 
planner application. If the soft hand-off gain option was selected, the CDMA planner computes 
the soft hand-off gain at step 412 and then re-computes the EIRP for reverse the fundamental 
channel at step 414 taking soft hand-off gain into account as shown in Eq. 9 below: 



R - FCH _EIRP m (k,im(ibin,ft))„ = (EQ- 9) 

iL - t ^ M TR-FCH n 

PL? (k, imiibin, /,))„• SHG{im(ibm, fi ))„ 
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In Eq. 9 the variable SHGiim(ibin,f,) represents the soft hand-off gain for a particular 
subscriber type in a particular location. At step 414, the CDMA planner then computes the 
transmit power for the reverse fundamental channel P m (k, imiibin, fi)) . 

l R—FCH 

Figure 5 shows how the final value of the subscriber unit transmit power P ^ R _ FCH for 

5 the reverse fundamental channel is calculated. The calculation begins at step 500. At step 502, 
the CDMA planner computes the transmit power for the reverse fundamental channel according 
to Equation 10 below: 

2 R-FCH_EIRP m (k,im(}bm,fi))n v 

Oil PR-FCH^,im{ibinJi)) n = ?R-FCH n 

S L m Aim(ibinJ i )) n -G m (k,e pomt (im{ibin,f i )) n 

a In Equation 1 0, the EIRP for the fundamental channel is divided by the subscriber unit feeder 

S loss L"' , which is a user input, and antenna gain G m for the subscriber unit computed in step 

in 406, and then multiplied by the activity factor yr-fch for tne reverse fundamental channel. 
U At step 504, the CDMA planner determines whether the transmit power is below or equal 

1 5 to the minimum transmit power for the subscriber unit. If so, the transmit power P ™ R FCH for 

the reverse fundamental channel is set equal to the minimum subscriber transmit power at step 
506 and the procedure ends at step 514. If the transmit power computed in step 502 is above 
the minimum power level for the subscriber unit, the CDMA planner then determines at step 508 
whether the transmit power is greater than the maximum transmit power level for the subscriber 

20 unit multiplied by the effective fade margin {FMJ. If so, the transmit power P^_ FCH lor the 
reverse fundamental channel is set equal to zero at step 510 and the procedure ends at step 
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514. If the transmit power is less than or equal to the maximum power level for the subscriber 
unit multiplied by the effective fade margin {FM ef fj, the transmit power P m is set equal to 

FCH 

the transmit power level computed in block 502 and the procedure ends. 

Figures 6 through 8 illustrate the calculation of the reverse supplemental transmit power 
for the number of reverse supplemental channels required by an application run by the 
subscriber unit. Figure 6 corresponds to step 312 of Figure 3. The calculation of the reverse 
supplemental transmit power begins at step 600. At step 602, the CDMA planner calculates the 
transmit power for one supplemental channel. This calculation is shown in Figures 7 and 8 and 
it is described in more detail below. At step 604, the CDMA planner determines whether the 
supplemental channel transmit power calculated in step 602 is greater than zero. A transmit 
power of zero implies that the subscriber unit does not have sufficient power to successfully 
transmit data on the reverse supplemental channel to the base station. In that case, the CDMA 
planner updates the data rate at step 606 to the level supported by the fundamental channel 
only and processing returns to step 31 6 of the call admission procedure shown in Figure 3. 

If the transmit power is greater than zero, the CDMA planner calculates at step 610 the 
number of reverse supplemental channels required by the application associated with that 
subscriber unit at the peak data rate. At step 612, the CDMA planner calculates the total power 
for the supplemental channel by multiplying the transmit power computed in step 602 times the 
number of supplemental channels required by the application computed in step 610. As 
explained before, this approach is appropriate for RC1 and RC2, where the supplemental 
channels concerned are SCCHs. For RC3, RC4, or RC5, the power is calculated for each 
reverse supplemental channel (SCH) and summed. This might, for example, entail 
implementing the complete process of Fig. 7 for each supplement channel. 
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After computing the total power for the number of supplemental channels required by the 
application, processing returns to block 314 of the call admission procedure shown in Figure 3 
(step 614). 

The Number N M ax-supp required by a particular application may, for example, be 
5 determined by reference to a look-up table. By way of example, the look-up table may have the 



structure shown in Table 1 below. 





RC 


Channel 


Number of 
Channels 


Peak Data 
Rate [kbps] 


Offered Data Rate 
[kpbs] 


Channel Data 
Rate [kbps] 


Number of 
Channels 


Column / Row 


A 


B 


c 


D 


E 


F 


G 


1 


RC 1 


R-FCH 


1 


9.6 


9.60 


9.6 


1 


2 




R-SCCH 


1 


9.6 


19.20 


9.6 


2 


3 






2 


9.6 


28,80 


9.6 


3 


4 






3 


9.6 


38.40 


9.6 


4 


5 






4 


9.6 


48.00 


9.6 


5 


6 






5 


9.6 


57.60 


9.6 


6 


7 






6 


9.6 


67.20 


9.6 


7 


8 






7 


9.6 


76.80 


9.6 


8 


9 


RC 2 


R-FCH 


1 


14.4 


14.40 


14.4 


1 


10 




R-SCCH 


1 


14.4 


28.80 


14.4 


2 


11 






2 


14.4 


43.20 


14.4 


3 


12 






3 


14.4 


57.60 


14.4 


4 


13 






4 


14.4 


72.00 


14.4 


5 


14 






5 


14.4 


86.40 


14.4 


6 


15 






6 


14.4 


100.80 


14.4 


7 


16 






7 


14.4 


115.20 


14.4 


8 


17 


RC 3 


R-FCH 


1 


9.6 


9.60 


9.6 


1 


18 




R-SCH 


2 


307.2 


19.20 


9.6 


2 


19 










28.80 


19.2 


2 


20 










48.00 


38.4 


2 


21 










86.40 


76.8 


2 


22 










163.20 


153.6 


2 


23 










316.80 


307.2 


2 


24 






3 


307.2 


326.40 


9.6 


3 


25 










336.00 


19.2 


3 


26 










355.20 


38.4 


3 


27 










393.60 


76.8 


3 


28 










470.40 


153.6 


3 


29 










624.00 


307.2 


3 


30 


RC 4 


R-FCH 


1 


14.4 


14.40 


14.4 


1 


31 




R-SCH 


2 


230.4 


28.80 


14.4 


2 


32 










43.20 


28.8 


2 


33 










72.00 


57,6 


2 


34 










129.60 


115.2 


2 
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35 










244.80 


230.4 


2 


36 






3 


230.4 


259.20 


14.4 


3 


37 










273.60 


28.8 


3 


38 










302.40 


57.6 


3 


39 










360.00 


115.2 


3 


40 










475.20 


230.4 


3 



As shown in Table 1 , the look-up table includes a column corresponding to the radio 
configuration of the subscriber unit, a column corresponding to the desired peak data rate, and 
a column corresponding to the number of channels. The first two columns are used as an index 
by a look-up function. The look-up function receives the radio configuration and desired peak 
data rate as inputs, and returns the number of channels corresponding to the inputs. It should 
be noted that the above table was designed using the TIA/EIA IS-2000A standard as a guideline 
regarding allowed number of channels, radio configurations, and data rates. The same 
approach may be used to implement the different frame sizes mentioned in the TIA/EIA IS- 
2000A standard for supplemental channels. 

Figure 7 illustrates the procedure used to calculate the transmit power P m for a 

iR— SCH 

single reverse supplemental channel. This procedure corresponds to step 602 of Figure 6. 
Calculation of the transmit power for the supplemental channel begins at step 700. At step 702, 
the CDMA planner computes the EIRP for a single supplemental channel as shown in Equation 
11 below: 

S /?- SCH im ( ibin > fi)) n /r - 4 A \ 

RSCH_EIRP without SHG (k,im(ibin,fi)) n = *J% (BHD 

PL t (k,im(ibin 9 fi)) n 

At step 704, the CDMA planner determines the pointing direction of the main lobe of the 
subscriber unit antenna. In this step, it is assumed that the subscriber unit antenna is a 
directional antenna. The sector that requires the minimum ElRP™ uhmt SHG (Kjm(ibin, /,■)) n 
defines the direction toward which a subscriber with a directional antenna should point. This 
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implies that the maximum gain of the mobile station is used to decide the pointing direction. 
The subscriber antenna gain in the pointing direction, defined as G m (k,e poiBt (im,ibin,f,)) , is then 

computed at step 706. This computation is based on the sector k with the minimum EIRP 
without soft hand-off gain. 
5 At step 708, the subscriber unit determines whether the sector k is in the active set for 

the supplemental channel and whether the active set has more than one member. If not, the 

CDMA planner computes the transmit power for the reverse supplemental channel 

based on the EIRP computed in step 702. Note that the CDMA planner assumes that the active 
O set of the fundamental and supplemental channels is the same for the reverse link. 
IPO If the sector k is in the active set and the active set is greater than "1 " then the process 

PI flow continues to block 71 0. At block 71 0, the CDMA planner determines whether the soft 

1' hand-off option has been selected. If not, the transmit power P™ for the reverse 

Q supplemental channel is computed based on the EIRP calculated in step 702. If the soft hand- 
!y off option is selected, the CDMA planner computes the soft hand-off gain at step 71 2 and then 
p5 re-computes the EIRP for the supplemental channel, taking into account the soft hand-off gain 
at step 714. In this case, the process flow then proceeds to block 716 where the CDMA planner 

computes the transmit power P m for the reverse supplemental channel based on the EIRP 

* R—SCH 

with soft hand-off gain computed in step 714. Calculation of the transmit power for the reverse 
supplemental channel ends at step 718. 

20 Figure 8 illustrates in more detail how the transmit power P™ for the reverse 

y tR-SCH 

supplemental channel is calculated. Figure 8 corresponds to step 716 of Figure 7. The 
calculation of the transmit power P™ for the reverse supplemental channel begins at step 

tR-SCH 
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800. At step 802, the CDMA planner computes the average transmit power and the full rate 
transmit power for the reverse supplemental channel. The full rate transmit power is computed 
according to Equation 12 below: 



uFULL R^SCH__EIRP™ (k 9 imjibin, fj)) n 



Lf{im(ibin 9 fi)) n G (k 9 0 po i nt (im(ibin 9 f i )) n 



The average transmit power is computed according to Eq. 13 below: 



p AVE R-SCH_ EIRP™ (k, imjibin, fi )) n v , & 1<n 

P tR~SCH = ~ YR-SCH ( Ec I- ' 3 ) 

L j (im(ibin y f; )) n - G (k,0 po int (im(ibin 9 f t )) n 



^ At step 804, the CDMA planner determines whether the full-rate transmit power computed in 
step 802 is below or equal to the minimum subscriber unit transmit power. If so, the CDMA 
planner sets the transmit power equal to the minimum subscriber unit transmit power at step 
'[2 806, and the procedure ends at step 814. If the full-rate transmit power computed in step 802 is 
1 5 above the minimum power level for the subscriber unit, the CDMA planner then determines at 
step 808 whether the full-rate transmit power computed in step 802 exceeds the maximum 
power level for the subscriber unit multiplied by the effective fade margin, FM eff , If so, the 

transmit power P m for the reverse supplemental channel is set equal to zero at step 810, 

^ R—SCH 

and the procedure ends at step 814. If the full-rate transmit power computed at step 802 is 
20 above the minimum power level for the supplemental channel and below the maximum 

subscriber power multiplied by the effective fade margin, the CDMA planner sets in step 812 the 
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transmit power equal to the average transmit value computed in step 802 as shown in Eq. 13, 
and then the procedure ends. 

Figure 9 illustrates how the number iV^of reverse supplemental channels supported 

by a subscriber unit is calculated. This value is used in the fallback procedure shown in Figure 
10. This value is also used to calculate the total transmit power for all supplemental channels in 
step 320 of the call admission procedures shown in Figure 3. The calculation of N^ pp begins 

at step 900. At step 902, the CDMA planner determines whether the total power allocated to 
reverse supplemental channels is greater than zero. If the total power allocated to reverse 
supplemental channels is not greater than zero, N™ pp is set equal to zero at step 904 and the 

procedure ends at step 912. 

If the reverse supplemental power is greater than zero, the CDMA planner determines 

the maximum number N™ e of reverse supplemental channels required by the application 

ITlciX otipp 

associated with the subscriber unit at step 906. This number is determined by reference to a 
look-up table as previously described. At step 908, the CDMA planner computes a trial value 

for N™ that can be supported by the subscriber unit within the limits of its available transmit 

oupp 

power. Equation 14 below shows how the trial value for N™* pp is calculated. 

MobileMaxPwr(i m (ibin, ft )) „ x FM e ff (imjibin, ft )) „ 





(BestFundServSec(im(ibin, ft)) n , im(ibin, f t )) 



(BestFundServSec(im(ibin, ft ))„ , im(ibin, ft ))] 



n 
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P m (BestFundServSec{im{ibin, ft)) n , imiibin, ft )) 
. tR-FCH Jn 



pm 
tR-SCH 



(BestFundServSec(im(ibin, ft)) n9 im(ibin 9 ft )) 
At 910, the CDMA planner compares the trial value of N™ pp \o N™^_ Supp and sets the final 
value of N7 S to the lesser of those two values. Processing then turns to the calling procedure 

oupp 

(step 912). 

5 Figure 1 0 illustrates the fallback procedure employed by the call admission procedure 

shown in Figure 3. The fallback procedure is called at step 314 of Figure 3. Once the fallback 
O procedure begins (step 1 000), the CDMA planner computes the number of reverse 
5 supplemental channels supported by the subscriber unit at step 1 01 0. The calculation of this 

P value is shown in Figure 9. At step 1012, the CDMA planner compares N^ pp \o N^_ Supp . If 
#0 N™ is less than N™ e , the desired peak data rate is lowered to an optimum 

otipp max oupp 

m supportable data rate in steps 1 01 4 and 1 01 8. In particular, the CDMA planner computes a fall- 

ji back data rate at step 1 01 4 using the look-up function previously described and then re- 

5 computes at step 1 01 8 the number of supplemental channels required at the reduced data rate. 

Assuming that the data rates allowed by the corresponding technology standard are organized 
1 5 in sequence in the look-up table as shown, the look-up function selects the next lower data rate 

and extracts the corresponding number of channels from the look-up table at step 1018. 

At step 1 022, the fallback procedure determines whether the number of supplemental 

channels computed at step 1018 is greater than zero. If so, the fallback procedure moves back 

to step 1012 to verify that the reduced data rate is within the limits of the subscriber unit's 
20 transmit power. This process continues until the data rate is reduced to a level that can be 

supported by the subscriber unit, or until the number of supplemental channels is reduced to 
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zero. When one of those two conditions is met, the analysis returns to step 31 6 of the call 
admission procedure shown in Figure 3 (step 1020). 

If the number of supplemental channels supported by the subscriber unit is greater than 
the number of channels required by the application at step 1012, the fall-back procedure then 
5 determines whether the required transmit power at the requested peak data rate is greater than 
the available power at step 1016. If so, the fallback procedure reduces the requested data rate 
at step 1014 and re-computes the number of supplemental channels at step 1018 as previously 
described. If, at step 1016, the required transmit power at the requested peak data rate is less 
than the available power, the fallback procedure terminates and the analysis continues at step 
fO 31 6 of Figure 3 (step 1 024). 

CO Forward link analysis follows the reverse link analysis outlined above at step 112. As 

W earlier noted, the CDMA planner generates a random set of users for each analysis. This set of 
0] subscribers is analyzed to determine which ones of the randomly populated subscribers are 
s _ able to close reverse communication links with one or more sectors (radio base stations). 
W 5 Forward link analysis further refines the subscriber set by determining a subset of subscribers 
*f with reverse link service are also able to obtain forward link service, as well as computing total 
H forward link power for each forward link traffic channel type, and identifying the best sector for 

two-way radio service for each subscriber in the subset of subscribers having both forward and 

reverse link service. 

20 Once the CDMA planner determines this subset of subscribers, it randomizes the 

subscriber subset (e.g., sorts the subset of subscribers) for the purposes of call admission 
processing. In call admission processing, the CDMA planner simulates the call admission 
process across the service area in the different sectors using a random subscriber admission 
order. Call admission adopts forward blocking procedures based on a number of blocking 

25 parameters relating to Walsh code limitations, power limitations, and other factors. 
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In particular, the CDMA planner adopts a novel approach to resource reservation to 
insure that a definable percentage of system resources are reserved in each sector in the 
simulated service area for voice users (voice type subscribers) in the simulation population. 
This approach avoids the possibility of one or more high rate data subscribers consuming all 
available communication resources in any one sector or sectors. This same approach keeps 
those data users located at the edge of a sell from consuming all the sector power. 

In particular, the CDMA planner insures that some percentage of the total available 
forward link power in one or more sectors represented in the simulation is reserved for voice 
users. Power reservation insures that some amount of the available forward transmit power is 
held in reserve for use by only voice type users. The percentages of power reserved for voice 
and data users may be defined per sector or on a system-wide basis before beginning the 
analysis. The CDMA planner may permit rules to be associated with power reservation. For 
example, the user may be able to assign priorities, such that a voice-type subscriber can take 
power otherwise reserved for a data-type subscriber while disallowing data users to steal from 
reserved voice power. 

Power reservation, and resource reservation in general, may represent a necessary or at 
least advisable approach for system operators fielding mixed voice and data networks. Without 
such reservation schemes, high data rate users may, in practice, overuse a wireless 
communication system such that, at least in localized areas (e.g., a given service sector), the 
available communication resources are consumed by a relative few users. Allowing this type of 
data-oriented utilization to dominate the network is undesirable in that it may interfere with the 
likely substantial number of users whose chief concern is reliable, readily available voice 
service. 

Forward link simulation as implemented in the CDMA planner adopts a resource 
reservation scheme to insure adequate system resources for a configurable number of voice 
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users in each simulated sector. More particularly, the CDMA planner adopts a "bucketing" 
approach wherein the total forward power in each sector is split in a configurable percentage 
allocation between a "voice power bucket" and a "data power bucket." If desired, the CDMA 
planner may be configured to give voice users priority over data users in that it may be 
configured to allow voice users to steal power from the data bucket when needed. In most, if 
not all cases, it is expected that the reverse behavior will be disallowed. That is, data users are 
not allowed to steal power from the voice power bucket. Power bucketing, along with the overall 
forward link process are detailed in the discussion below. 

Fig. 1 1 provides an overview of the forward link analysis performed in one analysis 
iteration or trial. A set of iterations (those required to reach convergence) are defined inside one 
trial. The number of trials in an analysis is a user-defined value, including the step size. 
Iteration here refers to the overall set of analyses applied to a given set of subscribers in one 
simulation run or trial of the CDMA planner. Thus, during a given analysis trial, one or more of 
the forward and reverse link analyses may be iterated within the trial loop to, for example, reach 
convergence. 

Forward link analysis begins (step 1 100) with the CDMA planner determining the full rate 
power for each forward traffic channel type associated with each of the subscribers in the 
analysis set (step 1 102). That is, for each of the subscribers capable of receiving reverse link 
service, the CDMA planner evaluates the power necessary to close a full rate forward link with 
each subscriber, for each of the forward traffic channel types associated with the subscriber, at 
each sector k in the subscriber's active set. For more than one frequency, the same process is 
executed independently on a per carrier basis. A given subscriber unit may have two sectors k A 
and k 2 in its active set, and may be associated with an application type requiring both 
fundamental channels and supplemental channels on the forward link. In this example, the 
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CDMA planner determines the full rate power necessary to close the forward link from ^ and k 2 
for both types of forward link channels associated with the subscriber unit. 

The active set is associated with the fundamental channel in RC3, RC4, and RC5, and 
with the fundamental code channel in RC1 and RC2. For supplemental channels in RC3, 4, and 
5, or for supplemental code channels in RC1 and 2, a supplemental active set is computed. 

The fundamental and supplemental channels could be configured to different FER 
requirements, which results in different required traffic Eb/lo (noise to interference) ratios. It is 
for this reason that a set of forward and reverse required Eb/lo values are defined. Additionally, 
the active set may be different between fundamental and supplemental channels. 

Once full rate powers are determined for each channel type, the CDMA planner applies 
bounding (step 1 104) to the calculated powers. Bounding insures that the calculated powers 
are achievable, and within operational limits. Thus, the calculated forward link channel powers 
are compared to lower and upper transmit power limits. If the required power on either 
fundamental or supplemental channel types exceeds the maximum achievable power at every 
sector k in the subscriber's active set, the subscriber is eliminated from the current analysis set. 
Power bounding is performed for all subscribers in the analysis set and thus results in an 
analysis set of subscribers capable of obtaining reverse and forward link service from at least 
one sector k. 

Each subscriber unit is associated with a defined application type. Each application type 
includes activity factor information, which relates to channel utilization. The Forward Link 
activity factor is then corrected according to the number of power control bits punctured in the 
corresponding Radio Configuration. Activity factors are used to estimate the average power 
required for each channel type associated with each subscriber (step 1 106). The above step 
insured that full rate power on the forward link could be achieved from at least one sector k in 
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each subscriber's active set during the application session. However, running the actual 
simulation based on average forward link power is more realistic. 

With the calculated average powers for each channel type associated with each 
subscriber in the analysis set, the CDMA planner determines the number of supplemental 
5 channels required for each subscriber based on the peak data rate required by the application 
(step 1 1 08). Here supplemental channel generically refers to both supplemental code channels 
(SCCH) for subscriber units or sectors compatible with Radio Configurations 1 and 2 defined for 
IS-95 based access terminals, as well as to supplemental channels (SCH) for subscriber units in 
Radio Configurations 3, 4, or 5 defined for TIA/EIA IS-95B standard based access terminals, as 
"jJD well as to supplemental channels (SCH) for subscriber units and sectors compatible with Radio 
jj Configurations 3, 4, and 5 defined for cdma200-based (TIA/EIA IS-2000A standard) access 
~t I terminals. With the number of supplemental channels determined, and the average power 
X required per channel type, the CDMA planner calculates the total average power required to 
j==i provide forward link traffic channel service to each subscriber, for each sector k independently 
fj§5 per carrier frequency in each subscriber's active set. 

S For each subscriber, the CDMA planner identifies the sector k in the active set with the 

1=5 strongest signal strength as the "serving sector" for purposes of analysis (step 1110). 

Preferably, this involves identifying the sector k having the lowest reverse link transmit power for 
that subscriber unit, although other criteria may be used. 
20 At this point, the CDMA planner randomizes the analysis set (step 1 1 1 2) in advance of 

call admission procedures. Here, randomization refers to randomizing the call admission order 
of subscribers in the analysis set. This randomized set of subscribers is then used for call 
admission processing. During call admission, the randomly sorted subscribers are admitted, or 
request admission to the simulated network based on the above determined channel power and 
25 serving sector information. 
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Randomization may also apply to sector selection. First, a randomly sorted subscriber is 
admitted in one sector, then another subscriber is admitted in a different sector from a list of 
randomly sorted subscribers for that other sector, and so on. This admission procedure or 
criteria provides more accuracy in power (Pin and Pout) computations, and more realistic values 
5 for loading and frequency reuse computations, as might be performed by the CDMA planner. 

Call admission procedures (step 1114) simulate the performance of the planned wireless 
network with regard to admitting and serving the currently defined set of subscribers, with their 
respective random geographic locations and service needs (application types and application 
requirements). A number of forward blocking criteria are used during call admission, including 
OTJO blocking based on Walsh code availability, and sector power availability. Upon completion of 
CO call admission processing, forward link analysis ends for the current iteration (step 1116). 
CH The balance of forward link flow diagrams provides supporting details for the above 

ffl overview. Fig. 12 illustrates the full rate forward channel power calculations performed at step 
■ " 11 02 in Fig. 1 1 . As noted, full rate power calculations are performed for each subscriber in the 
Cf 5 analysis set, and for each type of forward link traffic channel associated with or assigned to 
yj each subscriber (subscriber unit), as defined by the subscriber's application type. 
!=-= Processing begins (step 1200) in consideration of all channel types in the corresponding 

the active channel set (step 1201) with the CDMA planner determining whether the current 
subscriber's active set is empty (i.e., no sectors from which service is available). If the active 
20 set is empty (step 1 202), the power for all channel types associated with the current subscriber 
is set to zero (step 1204), and processing for that subscriber ends (step 1208). 

If the active set is not empty, the CDMA planner calculates the full rate power for each 
forward link traffic channel type from each sector k in the subscriber's active set (step 1206), 
and processing ends for the current subscriber (step 1208). Note that channel power 
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calculations are performed for each subscriber randomly generated and assigned to the 
analysis set. 

In the CDMA planner, the individual traffic channel powers are preferably computed 
based on full rate transmission. The full data rate required for transmission identified by the 
mapping from the bin and frequency assignment of the subscriber type im(ibin,fi) is denoted as 

R S et_fwd( im ( ibin >fi))- 

The Peak Data Rate required for transmission identified by the mapping from the bin and 
frequency assignment of the subscriber type imiibinJi) is denoted as Rb_Fwd( im ( ibin >fi)) ■ 

Data rates defined or used in the IS-2000A standard are given by radio configuration in 
the table below: 



Radio Configuration 
[number] 


A se t_jwd( im (. ibin >fi)) 

[kbps] 


RC1 


9.6 


RC2 


14.4 


RC3 


9.6 


RC4 


9.6 


RC5 


14.4 



Because of power bucketing where a certain amount of forward link power is reserved 
for voice users, as will be explained later, subscriber application types are broadly categorized 
as voice type or data type. This allows the CDMA planner to identify voice and data users in its 
power calculations and in its forward link call admissions process, which is described later. 
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The variable is termed an "Application Identifier," which is a parameter 

with two possible values, "0" or "1". These values are set for each subscriber in advance of 
simulation based the kind of application linked to each subscriber unit. As such, the parameter 
represent a flag identifying the associated application as a voice application or a data 
application, and is generated by a subscriber type, located in an specific bin ibin and frequency 
assignment / f . The mapping from the bin and frequency assignment to a subscriber type 
associated to a voice or data application is given by im{ibinj{). 



By definition of [App* (im(ibin,fi))Zt a \ we have, 

\a m r r-u- s^oice] J° IF ^ bin Jd is doin S Voice Applications 

[App irm^m^ah^ IF mMnfi) b dQing Dam Applications <Eq.15) 

In general, the CDMA planner computes full rate forward link traffic channel for each 
channel type associated with each subscriber, at each subscriber's assigned frequency U The 
following power variables are generally defined for forward link calculations and are computed 
for each subscriber: 

[Fund^p^kMiibinj^ 6 representing the Fundamental Channel Full Rate Forward Link 
Traffic Channel Power required by a subscriber type identified with a voice application, located 
in a specific bin ibin and frequency assignment f t in order to close the link with the k t h sector 
in the system; 

\Fund_p^ h {kM(ibinj i ))X * representing the Fundamental Channel Full Rate Forward Link 
Traffic Channel Power required by a subscriber type identified with a data application, located in 
a specific bin ibin and frequency assignment f t in order to close the link with the % sector in 
the system; 
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20 



[sccH_pf ch (k,im(ibin,f,))l° ke representing the Supplemental Code Channel Full Rate Forward 
Link Traffic Channel Power required by a subscriber type identified with a voice application, 
located in a specific bin ibin and frequency assignment ft in order to close the link with the 

k tn sector in the system, for radio configurations RC1 or RC2; 
5 [sccH_rf ch (kM(.ibin,f,))f m representing the Supplemental Code Channel Full Rate Forward 

Link Traffic Channel Power required by a subscriber type identified with a data application, 
located in a specific bin ibin and frequency assignment ft in order to close the link with the 

k tn sector in the system, for radio configurations RC1 or RC2; 

S \scH_p£ h {kMiibinj^ lce representing the Supplemental Channel Full Rate Forward Link 

]l0 Traffic Channel Power required by a subscriber type identified with a voice application, located 

il in a specific bin ibin and frequency assignment f t in order to close the link with the % sector 

* in the system, for radio configurations RC3, RC4 or RC5; and 

J \scH_pz k (k,im(ibinj,)~$' a representing the Supplemental Channel Full Rate Forward Link 

% Traffic Channel Power required by a subscriber type identified with a data application, located in 

T5 a specific bin ibin and frequency assignment ft in order to close the link with the k tn sector in 

the system, for radio configurations RC3, RC4 or RC5. 

The full rate forward fundamental channel power calculation for voice users is given as 

as, 

D f CU- f\\ lFund_P c Kh (kM(ibinJM7 ce = r 

*„_.«<"»(*"./)>.. A^^amm,/,)) 



1 

ke { Fund _ Pr ocessSet{ im ( ibin ,/,))}„ 



\ ^° JF-PICH 



(k,im(ibin,ft)) 



r 



(Eq. 16) 
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The full data rate required for transmission identified by the mapping from the bin and 
frequency assignment of the subscriber type im(ibm 9 f t ) is represented by R se t_jwd( im ( ibin >fi)) , 
while w corresponds to the system transmission bandwidth and it is expressed in Hertz, the 
variable Pp ICH (kJxjy,fi) corresponds to the forward pilot channel power at the sector * , and 

represents the Pilot Chip Energy to Total Interference also called 



the term 



En 

\Iq Jf-PICH 



(kJmiibinJi)) 



the "Pilot Strength." In this case, this last term is identified by the mapping from the bin and 
frequency assignment of the subscriber type imQbinj,) and associated to the elements of the 
n Fundamental Process Set during the same iteration, denoted as {FundjpvocessSetiimiibinj^X . 

^ Finally, the factor 2l is the Required Bit Energy to Total Interference 

V ° /Fund _tck_req 

|f0 Ratio in the Fundamental Channel associated to the mobile unit perfectly identified by 
m im(ibinJi) in the frequency assignment / t . This last term is discussed in more detail later 
J5 herein. 

; 2 The above expression for full rate fundamental channel voice power may be generalized 

ff for application to supplemental channels (SCCH and SCH) and fundamental channels for data 
1 5 users. Of course, certain variables, such as the data rates, Process Set for Fundamental and 
Supplemental channels, and the required bit-energy-to-total-interference values, are set to the 
values appropriate for the specific channel type for which power is being calculated. 

Power bounding is performed after full rate power calculations, and this is illustrated in 
detail in Fig. 13. Bounding is performed for the full rate powers calculated for each subscriber, 
20 at each sector k in the subscriber's active set. Processing begins (step 1 300) with the CDMA 
planner determining whether the full rate fundamental or supplemental forward traffic channel 
power calculated for the current subscriber exceeds the maximum forward transmit power for 
that channel type at all sectors in the active set and supplemental active set, respectively (step 
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1 302). If so, this indicates that no sector can close the forward link on one or both types of 
forward traffic channels, so the calculated power for all associated channel types is set to zero 
subscriber's active set (step 1304). After breaking for the current subscriber (step 1306), 
processing continues from step 1300 for the next subscriber. 
5 If the calculated power for the forward link traffic channel types associated with the 

current subscriber is above the maximum threshold for the current sector (step 1308), the 
calculated power is bounded or reduced to the maximum threshold value (step 1310), and 
processing continues with a determination of whether any sectors remain in the current 
subscriber's active set (or supplemental active set for supplemental channels) (step 1316). If 
£10 so, the same bounding evaluations are applied to the next sector k in the active set (or 
05 supplemental active set for supplemental channels), and so on until all sectors in the set are 
CP evaluated. If the calculated power (for any associated channel type) is below the minimum 
fii transmit power for the current sector (step 1312), the power for that channel type is adjusted 

upwards to the minimum power (step 1314). Once the last sector for the current subscriber is 
115 analyzed, processing ends for the current subscriber (step 1318), and is repeated for each of 
JS the remaining subscribers. 

M> As an example of lower bounding applied to the calculated Fundamental Channel Full 

Rate Forward Traffic Channel Power required by a subscriber type identified with a voice 
application and denoted as [F m d_p^ h (kjm(ibinj l ))f ce for the iteration number n can be given 

20 generically as, 

= ] (Efl- 17 ) 

Where represents the forward power activity (weighting) factor associated with the sector 
k in the frequency assignment f ( . This value represents the Forward Link activity factor 
corrected based on the number of power control bits punctured per frame in the corresponding 
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radio configuration. gI represents an analog gain factor used to convert the digital gain (coding 
gain) into effective power. This is calculated as, 

qiJf-pich^^ (Eq. 18) 

with Pf_ PICH (Kfi) as the forward pilot channel power at the sector The term Gj> JCH (k 9 fi) 

5 corresponds to the digital gain for the forward pilot channel. 

PTXi ower {kJi) is the lower limit on active forward traffic channel. This parameter shows 

the lower limit for full rate (peak rate) traffic channel gain. In the equation, we have 

1/ 

*2 G tch = g pich x 10 > where the parameters is usually given in ranges and dB units. 

*S While the above equation illustrates the basic approach, a different ^ra w (M) 

20 parameter is maintained per type of channel. Thus, for the fundamental channel power 

m adjustment illustrated, the CDMA planner uses ptx[~Z ch r (*,/}) . Note also that the computation 

O of the forward traffic channel power will be carried out using the corresponding forward power 

CP 

j activity (weighting) factor associated with the sector * in the frequency assignment / as part of 

the final computation for total forward traffic channel power at each sector. By adjusting the 
1 5 weighting factors, lower power limits, and full rate power terms in the above generic equation, 

the weighted or adjusted power may be determined for each channel type for each subscriber, 

at each associated sector. 

The upper bounding of forward traffic power may be illustrated for the fundamental 

channel for each user. This process applies system limits to the forward traffic channel powers 
20 calculated for each subscriber. 

The generic calculation for a forward traffic channel power with a upper bound applied is 

listed below: 
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(PTX upper (kJ t )^) 

^ch_up P er^fd = r f ^JiYol *Gj ray (*,/ / )xiol 10 J (Eq. 19) 

Where y f {kj x ) , g\ and G 2 HCH (kj^ has been already defined and explained in the discussion on 

lower power bounding above. 

PTx upper (kj t ) is the upper limit on active forward traffic channel. This parameter represents 

the upper limit for full rate (peak rate) traffic channel gain. In the equation, we have 
G tch = G PICH x\o L ^ , where, again, the parameters is usually given in ranges and dB units. 

The approach is based on the generic equation shown earlier, however we maintain a 
different, upper bounding PTX upper {kj{) parameter per type of channel, radio configuration, data 
rate, mobile channel type (e.g., vehicular, pedestrian, fixed, etc.), use of fast power control, etc. 
For the example, the CDMA planner uses the parameter ptx^ h \kj i ) . At the end, the 
computation of forward traffic channel power will be completed considering the corresponding 
forward power activity (weighting) factor per channel associated to the sector k in the frequency 
assignment f t . 

Fig. 14 details the average power calculations performed for each active set of sectors 
for each subscriber, and uses the weighting factors (also termed "activity factors") presented in 
the weighted power calculations immediately above. 

For each subscriber, processing begins (step 1400) with the CDMA planner accessing a 
data table (e.g., a look-up table) based on subscriber application type (step 1402). Based on 
the user-defined parameters associated with the application call model, the look-up table 
defines activity factors that relate to channel utilization, which may be used by the CDMA 
planner to determine the average power for each type of forward link traffic associated with the 
subscriber (step 1404). Preferably, the activity factor is expressed as a percentage use per link 
(Forward or Reverse) per channel (Fundamental Channel, Supplemental Code Channel, or 
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Supplemental Channel) value or the like, such that the full rate power may simply be multiplied 
or scaled by the activity factor to determine average power. Once average power is determined 
for each channel type, processing ends for the current subscriber (step 1406). The above steps 
are then repeated for the remaining subscribers. 
5 With the average channel power per channel type for each subscriber at each 

associated sector determined above, the CDMA planner determines the total average power 
required at each sector k in each subscriber's active set and supplemental active set. Fig. 15 
details these operations. Processing begins (step 1500) with the CDMA planner accessing a 
look-up table or other data structure that maps application type to the required number of 
#0 channels (step 1502). That is, the CDMA planner uses the look up table information to 
y3 determine how many supplemental channels (SCCH or SCH) are nominally required by each 
W subscriber's application type at the specified data rate. The subscriber's radio configuration 
<M determines whether the supplemental channels involved are SCCH or SCH type channels in the 
O reverse link. The sector's radio configuration determines whether the supplemental channels 
115 involved are SCCH or SCH type channels in the forward link. Table 1 shown earlier illustrates 
0 an exemplary structure for this information. 

The CDMA planner retrieves the needed information for the current application (step 
1504), and calculates the total average power by multiplying the average power calculated for 
each forward link channel type (fundamental, supplemental, or supplemental code channel) at 
20 each sector in the associated channel active set by the activity factor associated with the 
specific channel (step 1506), This procedure is applied because each supplemental channel 
could have different target frame error rate or operation data rates and different activity factors. 
Processing for the current subscriber then ends (step 1508) and is repeated for the remaining 
subscribers. 
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In general, with the activity factors (computed by link at the specified data rate and frame 
error rate) and the average power calculated for each forward link channel type, the CDMA 
planner can calculate the total forward link traffic channel power at a given sector for a given 
subscriber unit. The number of channels corresponding to the application type is used to 
compute the number of required terms in the sum-product used in the computation explained 
above. 

If the system has enough resources in order to provide to a subscriber the level of 
service that it requests during call admission processing, the Forward Transmitted Traffic 
Channel Power is given by the relation listed below: 

For radio configurations 1 and 2 {RC S ^ 2 ) a subscriber's total average forward link 



power is given as: 



'oice 

+ 



(Eq. 20) 



While for data, we have: 



+ 



(Eq. 21) 



1 5 With the power bucketing of the present invention, which is discussed elsewhere herein, 

the CDMA planner computes the full rate forward power for fundamental and supplemental 
(code) channels independently based on the type of application (both voice and data). The 

application identifier flag for each user, namely the[^0M*m^)^ e ] value, is used to identify 

subscribers as voice or data. As noted, this preferably "1" or "0" parameter exists for a 
20 subscriber type, located in an specific bin ibin and frequency assignment $ , where the 

mapping from the bin and frequency assignment to a subscriber type associated with a voice or 
data application is imiibinj^. 
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The total forward transmitted traffic channel power at a given sector should be computed 
as a sum of the total average power of each subscriber active for that sector. The activity 
factors used to average the per subscriber full rate powers may come from a look-up table, and 
may be defined for voice and data by channel type per link at the specified data rate and 
channel frame error rate. 

Thus, exemplary expressions are as follows: 

lfjS^c*(™(^' n »^i))]^ f or v <>ice applications 

Or (Eq. 22) 

\/f^_ch( im { ibin Ji)i[ f° r data applications 



and, 



-SCCH 



f^d^chM^f))^ f° r voice applications 

or (Eq. 23) 

\^d_ck( im ( ibi ^fi)X SCCH for data applications 



Again, if the system has enough resources in order to provide to a subscriber the level of 
service that it requests, the Forward Transmitted Traffic Channel Power for radio configurations 
RC3, 4, and 5 for voice is given by the relation listed below: 



te < *Wa»to.//))C" ,SOT ><[scw_/&(*,»te,/ i )t 



wee 

+ 



(Eq. 24) 



For data, the corresponding expression is: 



[y^LcHHibin, fi ))l' SCH x[sCH _P? ch {k,ibinJ i t l 



(Eq. 25) 



The corresponding activity factors are given as: 
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\yf£d e _ch(i m (ibi n *fi]^ f or v oice applications 



or (Eq. 26) 

Vf^ ^ck{ im ^ lbin Ji)% f° r data applications 

and as, 

fewlcAO /n ('^*' I »^i))f f or v °i ce applications 

or (Eq. 27) 

\ffid^ch( lm (t°i n Ji)i[ for data applications 

fS Fig. 1 6 details the serving sector function implemented by the CDMA planner for each 

J5 subscriber in the analysis set. Processing begins (step 1 600) with the CDMA planner reviewing 
it the reverse link power from the current subscriber with respect to each sector in the subscriber's 
S active set (step 1 602). From these, the CDMA planner selects the sector where reverse link 
*!* power from the subscriber unit is the lowest (step 1604). The identified sector is denoted as the 
SO serving sector for the subscriber for purposes of call admission processing. Processing then 

ends for the current subscriber (step 1606). These processing steps are repeated for each 
2 subscriber, such that each subscriber in the analysis set has an identified serving sector. 

Once the above power and serving sector determinations are made for each subscriber, 
call admission processing begins. This complicated process involves a number of exemplary 
1 5 steps that are outlined in Fig. 17, although these steps may be substantially varied. 

Processing begins (step 1700) with the CDMA planner checking the technology 
compatibility of the defined subscriber types regarding the technology specified per sector basis 
or system wide (step 1702), along with checks of compatibility of the radio configurations 
defined for the subscriber units (step 1704). Again, the CDMA planner checks the Radio 
20 Configuration compatibility between subscriber units and sectors within the system. The criteria 
for checking compatibility follow rules specified in the TIA/EIA IS-2000A standard between base 
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stations and subscriber units. Next, the CDMA planner determines if the maximum number of 
supplemental channels defined by the application types associated with the subscribers 
exceeds a maximum allowed number of supplemental channels. This evaluation is typically 
made with regard to the radio configuration defined for each subscriber (step 1706). Processing 
continues with the CDMA planner initializing many of the variables and counters used in call 
admission, such as the running totals of power and Walsh code counts at each sector involved 
in the analysis (step 1708). 

Then, for all bins (and all the subscribers randomly generated inside each bin) and all 
associated sectors, the CDMA planner randomly populates each sector k until every subscriber 
in the analysis radius has a power assignment (step 1 71 0). Active sectors that have no 
available Walsh codes are removed from each subscriber's active set. For each subscriber's 
whose active set is changed by this operation, re-compute new forward traffic channel powers, 
for both fundamental and supplemental channel power (steps 1712 and 1714). 

If the active set of any subscriber is empty, the transmit power is set to zero for that 
subscriber, and the next subscriber is evaluated (step 1716). In an exemplary implementation, 
a supplemental active set is defined for each subscriber, wherein the supplemental active set is 
a subset of the active set and indicates with which sectors the subscriber can close 
supplemental channel links. If the supplemental active set for a given subscriber is empty, 
associated transmitter power for that subscriber is set to zero (step 1718). 

Then, for each subscriber with non-empty active (and/or supplemental) sets, the 
subscriber's forward and supplemental channels are initialized and the forward traffic channel 
power for each sector associated with the subscriber is computed (step 1720 and 1722). 

Processing continues in Fig. 18A, where the CDMA planner checks the size of each 
subscriber's active set (step 1800). Essentially, if there is more than one sector in a 
subscriber's active set, that subscriber is in a soft handoff condition, or capable of soft handoff, 
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wherein the subscriber unit communicates simultaneously with two or more sectors. If the 
active set size is not greater than one, processing proceeds at Point B, as outlined in Fig. 18B. 

Otherwise, processing continues with the CDMA planner determining whether the 
forward power limit has been reached for a given sector in the subscriber's active set. If so, the 
5 CDMA planner implements a fall-back admission scheme, wherein that subscriber's data rate is 
reduced for all sectors in the active set if the application type permits fall back (step 1802). 
Before the analysis, the planner user specifies the fall-back data rate set available for each 
defined application within the simulated system. The data rates steps for each application are 
compatible with the defined or permissible data rates per radio configuration indicated in the 

00 TIA/EIA IS-2000A standard. The lowest data rate in the set corresponds to the minimum 

01 operational data rate for a corresponding application. There is no fall-back iteration possible if 
fli this minimum data rate is reached. 

{WW 

CP As noted earlier, the CDMA planner implements resource reservation, such that some 

s resources at each sector are reserved for voice type users. In an exemplary implementation, 

o 

fi.5 the CDMA planner sets aside a percentage of total forward transmit power at each sector for 
y} voice users, and may set aside another or remaining percentage of forward power for data 
SM* users. Reserved power is figuratively held in voice and data power buckets, with power being 
incrementally taken from the appropriate bucket as subscribers are admitted to the different 
sectors during call admission processing. 
20 If a voice type subscriber cannot be admitted to a given sector because of a limitation in 

remaining voice bucket power, the CDMA planner attempts to allocate the needed power from 
that remaining in the data bucket (step 1804). If the sector simply does not have enough 
reserve power in either bucket to admit the subscriber, it is considered a power limited sector 
and removed from the subscriber's active set (step 1806). In that case, the subscriber analysis 
25 is repeated with the new active set. Before beginning the analysis, the planner user should 
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select any desired subscriber type prioritization rules. Thus, the planner user may specify a rule 
that voice users have admission priority over data users during the simulation, or may specify 
that data users have priority. Power bucketing, wherein one or more portions of total sector 
power are designated for supporting specific subscriber types may also be configured. Thus, 
5 the CDMA planner may permit the planner user to specify whether power bucketing is enabled 
or disabled, and whether voice and data user power reservation is based on independent power 
buckets, if that feature is enabled. 

For subscribers not in hand-off, the processing in Fig. 18B applies. The CDMA planner 
checks for each subscriber at the corresponding active sector whether the forward call block 
C10 threshold has been reached (step 1810). If so, the CDMA planner sets the associated 
CO subscriber transmitter and forward link powers to zero (step 1812). If the forward call block 
■7- threshold has not been reached for the active sector, the CDMA planner reduces the 
III subscriber's data rate (falls back), and re-computes the associated power necessary to support 
s the subscriber at the reduced data rate (step 1814). The data rate is reduced until the required 
015 power is below the power limit of the sector, or until the CDMA planner determines that the 

Si w 

# available power is inadequate to admit the subscriber at the lowest allowed fallback data rate 
iM= (step 1 81 6). In that case, the sector is considered to be a power-limited sector with respect to 
that subscriber and is removed from the subscriber's active set. 

Fig. 1 9 provides more details regarding the initial steps taken in forward blocking during 
20 subscriber admissions. Processing begins (step 1 900) with the CDMA planner computing the 
total forward traffic power for voice and data users (subscribers) at each sector k (steps 1902 
and 1 904). Of course, this depends upon the active set defined for each subscriber associated 
with each channel, which defines the particular sectors associated with a given subscriber. 
Once these powers are calculated, this portion of processing ends (step 1906). 
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Fig. 20 presents a detailed exemplary forward call blocking method that is applied to 
each subscriber in the simulation trial. However, a general understanding of call admissions 
using forward blocking is helpful. The CDMA planner generates a random set of subscribers 
having random application types based on demand specifications and user-defined subscriber 
5 distribution, thus the planner may run simulations with voice users, data users, or with a mix of 
voice and data users. The data users simulated by the CDMA planner further vary in terms of 
the particular data application (call model, frame error rate requirements, activity factor per link, 
etc.) and associated data rate requirements. 

From this set of subscribers, the CDMA planner determines which ones can achieve 
£50 service in one or more of the sectors in the simulated service area. Generally, this is done by 
CD analyzing forward and reverse link powers between sectors and subscribers as greatly detailed 
Si above. For each subscriber that can receive service, a serving sector is identified. This serving 
ffi sector will be the sector to which the subscriber is admitted, or evaluated for admission, during 

the call admission process. 
95 In call admission, the CDMA planner preferably generates a random sort of all 

JJ subscribers that can achieve service. It then submits these subscribers one at a time for 

admission (i.e., active communication service) to the simulated communications network based 
on the random sorting. Since each sector is power limited, whether a subscriber is admitted to 
a given sector depends upon the number and type of subscribers already admitted to that 
20 sector, and on the power and Walsh codes available at that point in the sector. Thus, by 
generating different sets of subscribers with different random admission orders, the CDMA 
planner simulates a variety of call admission scenarios, and generates output data useful in 
determining how often users in a real world system modeled on the simulated system can or 
cannot receive service, and at what data rate such service may typically be achieved at. 
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In general call admissions for admitting subscribers uses two blocking thresholds; one 
applies to subscribers in handoff, with the other applying to subscribers not in handoff . Fig. 20 
illustrates this split. The forward link handoff-blocking threshold is a percentage of total forward 
link power at each sector or base station, which may be expressed in watts. The 
TotalFwdCap(k, term represents the total forward link power initially available at a sector k 
and may be calculated for each active frequency in at the sector, 



TotalFwdCap(k,f i ) = min< 



MaxPA _ power {k, f^Pp^ (A;,/])xl0 ^ !or JpicH_\\mit 



(k,f t) 



(Eq. 28) 

In the previous equation, MaxPA power {k, f. ) represents the Maximum PA Power in 



I10 sector k and frequency . It is measured in Watts. 



( V \ 



The variable 



(k,f f) represents the Minimum Required 



(v \ 



\ ° r JPICH_\\mit 



{Kfd at 



PICH 



5j sector k and frequency f. . This parameter has dB units. Finally, P c p ICH (kifi) is the Forward 
3 Pilot Channel Power at sector k and frequency f { . 

Preferably, the Forward Link Call Blocking Threshold {FwdCallBlockTH{kJ^)) and 
1 5 Forward Link Handoff Blocking Threshold (FwdHOBlockik,^)) are given as a percentage of 
the Total Forward Power Available for Forward Service (TotalFwdCapik,^)) at each given 
sector. 

Thus, the forward call blocking thresholds (i.e., handoff and no handoff) may be set for 
each sector as a percentage of the total forward capacity at the sector. FwdCallBlockTH(k, f } ) 
20 and FwdHOBIock(k,fj) may be used to represent the forward call blocking and forward call 
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blocking with handoff thresholds, respectively. In general, the following relationship should be 
observed: FwdCallBlockTH(k, > FwdHOBIock(k,fi). 

As noted, Fig. 20 applies to active sets > 1 , so the handoff blocking threshold 
FwdHOBIock(k,fi) applies. Processing begins (step 2000) with the CDMA planner determining 
the subset of subscribers that can obtain service from the sector providing coverage to the user, 
and a remaining subset of generated subscribers that cannot obtain service from the system 
(steps 2002 and 2004). Preferably, this assessment is based on whether an individual 
subscriber can close forward and reverse communication links with at least one sector in the 
simulated service area. 

The CDMA planner then performs call admission based on attempting to admit individual 
subscribers to their respective serving sectors, with such admissions preferably performed in a 
random admission sequence through a random sequence of sectors. If the current subscriber 
(i.e., the next subscriber being admitted), is in a handoff condition (step 2006), processing 
continues for handoff threshold blocking, otherwise, processing shifts to non-handoff threshold 
blocking (step 2008), which is detailed at Fig. 24. 

Hand-off threshold call admission, which is also referred to as forward blocking, 
continues based on the subscriber type (step 2010). The CDMA planner computes the number 
of supplemental channels required by each subscriber type associated with a current sector 
(step 2012) at the current application data rate, and further computes the Walsh code count 
based on subscriber types (step 2014) to check for Walsh code availability in the corresponding 
sector. The running sum of voice and data powers already allocated from the sector is made 
current (step 2016) in advance of determining whether there is enough remaining power for 
caller admission for the current subscriber. The CDMA planner determines whether a current 
subscriber is a voice or data type subscriber (step 2018), and branches appropriately. 
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If the subscriber type is voice, the CDMA planner determines whether the remaining 
voice power at the sector is sufficient to admit the subscriber (step 2020). If so (step 2022), 
processing continues to Point A, which is detailed in Fig. 21 . If there is not sufficient remaining 
voice power (i.e., insufficient voice bucket power) to admit the current subscriber to the current 
5 sector, processing continues to Point C, which is detailed in Fig. 21 . 

If the subscriber type is data, the CDMA planner determines whether the remaining data 
power at the sector is sufficient to admit the subscriber (step 2024). If so (step 2026), 
processing continues to Point B, which is detailed in Fig. 21 . If there is not sufficient remaining 
voice power (i.e., insufficient data bucket power) to admit the current subscriber to the current 
30 sector, processing continues to Point C, which is detailed in Fig. 21 . 
CO Note that the forward link power needed to provided service to a voice type subscriber 

CP may be expressed as, 

| k^JbinJ^r = te cA (^m,y:))]™ y[Fund_P; ch {k,ibin,f i )]T + 

1 (EQ-29) 
y§5 The forward link power for a data type subscriber may be expressed as, 

\yt:_ ch (mbinjM„~ SCH 4sCH_P i ; h (k,ibin,f i )t' a (Eq. 30) 

The above expressions generate the total average power for voice or data subscribers based on 
applying an activity factor to the full rate powers. 
20 Thus, for any given sector k, there is an initial amount of forward link power available for 

serving some number of subscribers. The actual number of subscribers that may be served 
depends upon a number of variables, including the forward link power required by each 
subscriber admitted for service at that sector. This power depends on application type, 
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requested grade of service, propagation path characteristics, and other factors, which may all 

vary per individual subscriber and location. 

In Fig. 21 , voice user admission for the current subscriber begins at Point A. The current 

subscriber is admitted for service at the sector (step 2100), and the subscriber's forward traffic 
5 channel powers (e.g., fundamental channel power) are added to the running sum of total 

allocated voice user power at the sector to which the subscriber is being admitted (step 21 02). 

The associated Walsh code counts and allocated supplemental channel counts and elements 

for the sector are also updated (steps 2104, 2106, and 2108). 

The call admission process for data users where there is adequate remaining data 
O0 bucket power is similar to that of voice users, and begins at Point B of Fig. 21 . The current 
m subscriber is admitted to the sector as a data user (step 21 1 0), and the forward traffic channel 
IP powers (e.g., fundamental and supplemental channel powers) are added to the running sum of 
CP total allocated data user power for the sector to which the subscriber is being admitted (step 

21 12). The associated Walsh code counts, allocated supplemental channel counts, and 
C§5 channel elements for the sector are also updated (steps 21 14,211 6, and 2118). 

# After admitting the current subscriber as either a voice or data user, processing 

O 

!M continues (step 21 20) with the CDMA planner determining whether the number of supplemental 
channels actually allocated at the sector to which the current subscriber was just admitted is 
equal to the nominal number of supplemental channels for the application types associated with 

20 the admitted subscribers at that sector. If so, processing continues for the next subscriber at 
Point F in Fig. 20. 

If not, the CDMA planner re-computes the forward power at the involved sector in 
consideration of all subscribers admitted to service for that sector (steps 2122). Processing 
then continues for the next subscriber at Point F in Fig. 20. 
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In both the voice and data cases above, adequate power remained for admitting the 
current subscriber. Point C of Fig. 21 illustrates how individual voice and data subscribers are 
handled when adequate power is not available for admission. Processing begins (step 2130) 
with a determination of whether the current subscriber is voice or data user. If voice, processing 
5 continues at Point D of Fig. 22, which is explained later. 

If data, processing continues with the CDMA planner determining whether the subscriber 
has one or more supplemental channels assigned to it (step 2132). If not, there can be no fall 
back operation, which means that, with respect to the current subscriber, the sector is power 
limited and must be removed from the active set. These operations are detailed at Point E of 

00 Fig. 23. 

m If the current subscriber has one or more supplemental channels, the CDMA planner 

31 reduces the data rate for the subscriber (step 2134), and then checks to see that the reduced 

01 data rate is at or above the minimum permissible data rate defined for the application type 

a" associated with the subscriber (step 21 36). If so, the CDMA planner re-computes the number of 
if 5 supplemental channels needed for the reduced data rate (step 21 38), and processing continues 
d by re-applying the logic of Fig. 20 from Point F for the same subscriber at the reduced data rate. 
H If not, the current subscriber is blocked from admissions (step 2140), and processing continues 
at point F in Fig. 20 for the next subscriber. As noted earlier, a look-up table of relating data 
rates and number of supplemental channels may be defined for each subscriber unit radio 
20 configuration and application type. The data rate steps in that table preferably follow the data 
rate options per radio configurations specified in the TIA/EIA IS-2000A standard. 

If the reduced data rate is greater than or equal to the minimum data rate allowed for the 
subscriber's particular application type (step 2136), the number of supplemental channels for 
the reduced data rate are computed (step 2138), and the subscriber is run through the call 
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admissions process of Fig. 20 at the reduced data rate. This may entail, for example, resuming 
logical processing at step 2018 of Fig. 20. 

If the reduced data rate is below the allowable limits for the current subscriber (step 
2136), the subscriber is blocked from admission to the current sector (step 2140), and 
5 processing returns to Point F of Fig. 20 for call admissions for the next subscriber (step 21 34). 
Fig. 22 provides details for admitting a voice subscriber to a current sector when the 
remaining power in that sector's voice power bucket is insufficient to admit the current 
subscriber. From Point D, processing begins with the CDMA planner determining whether the 
power needed to admit the subscriber is less than the remaining total power available at the 
00 sector, which includes remaining power reserved for both voice and data users (step 2200). If 
5 the needed power is not less than the remaining total power (step 2202), the subscriber cannot 
5 be admitted to its serving sector, and is thus blocked from admission to that sector (step 2204), 
m and processing continues for the next subscriber at Point F of Fig. 20. 
^ If sufficient power remains, the CDMA planner borrows the needed power from the 

rftS sector's data user power bucket (step 2210), and adjusts the running totals of voice and data 
Iq user power for the sector appropriately. It then updates Walsh counts and supplemental 
p channel counts to reflect admission of the new subscriber (steps 221 2 and 221 4), and 

processing ends (step 2216). Processing then continues for the next subscriber at Point F of 
Fig. 20. Based on the same bucket concept, other priority rules, for example, rules favoring 
20 data users, may be implemented in the CDMA planner. 

Fig. 23 provides details for processing taken from Point E, as identified in either of Figs. 
21 and 22. This processing applies where the sector is power limited with respect to the current 
subscriber. Processing begins with removal of the association between the subscriber and the 
sector (step 2300) for the current simulation trial of the CDMA planner. The power-limited 
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sector is removed from the corresponding active set associated with the channel and the 
analysis is repeated for the bin with the new reduced channel active set. 

Upon removal of the association, a new process set of sectors is computed in light of the 
adjustments just made to the subscriber active sets (step 2302). Fundamental and 
5 supplemental forward traffic channel powers are then recomputed (step 2304), the calculations 
for the current sector are repeated for the new active set (step 2306), and processing returns to 
the call admission procedures of Fig. 20 for the next randomly generated subscriber. 

In the above operations, the new active set is generated by removing the pilot 
associated with the power-limited sector from the set corresponding to the channel. Anytime 
So that forward traffic channel power is updated, the earlier indicated formula for full rate forward 
Jj: fundamental channel power is used, which is dependent on the new process set per channel 

'S3? '•■ 

2 and active set per channel. Upper and lower bounds are then applied to the new full rate 
° forward traffic power, and then those values are weighted by the corresponding activity factors 
2 in order to obtain the new average forward traffic channel power values. 
*J 5 Fig. 24 represents the logic of step 2008 in Fig. 20. Thus, Fig. 24 represents forward 

P call admissions processing without handoff, and is based on the call-blocking threshold 

represented by FwdCallBlockTH(k, fi). The processing of Fig. 24 is similar to that of Fig. 20. 
Here, it is assumed that calls not in handoff are blocked if the non-handoff call blocking 
threshold is reached. An actual wireless communication system might employ this same 
20 threshold blocking. The CDMA planner does not, at least in some embodiments, distinguish 
between on-going and new calls with regard to blocking calls that are not in handoff. As with 
the call blocking discussed in conjunction with Fig. 20, here the service level is reduced until the 
power falls below the blocking threshold. Then, the forward transmit power is calculated based 
on the reduced service level. If no resources were available for admitting the subscriber, the 
25 corresponding link is turned off and the subscriber unit power is set to zero. 
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Regarding the detailed steps of Fig. 24, Walsh code counts and running power totals are 
made current for the sector (steps 2300 and 2302). The CDMA planner then determines 
whether the current subscriber is a voice or data user (step 2304). In either case, if the power 
required by the subscriber is less than the available remaining power for that type of user in the 
5 sector, the subscriber is admitted, and Wash code counts, running powers, and supplemental 
channel counts are all updated to reflect the admission (see steps 2306-2314 for voice and 
steps 2308-2320 for data). Call admissions processing then continues for the next subscriber. 
Note that call admissions may shift back and forth between the logic flow of Fig. 20 and Fig. 24, 
depending upon whether or not a handoff condition exists, 
yjo If for either voice or data users, the available remaining voice or data power at the sector 

h is less than that required for caller admission, processing branches to Point A of Fig. 25. In 
|ij implementing a power bucketing scheme that prioritizes voice users (step 2500), the CDMA 
yQ planner checks whether the power needed for the current subscriber is less than the total 
□ remaining power in the sector k (step 2502). Total remaining power here refers to unallocated 
fi5 forward link power available at the sector k, which may be represented as the combination of 
o remaining voice power and remaining data power. If the needed power is less than the total 
remaining power (step 2504), the CDMA planner borrows the power necessary to admit the 
voice subscriber from the data power bucket (step 2508). 

The remaining power is then updated for the sector k (step 2508), Walsh code counts 
20 are updated (step 2510), and the total # of supplemental channels used is updated (step 2512). 
Call admission processing then continues for the next subscriber (refer to entry Point F in Fig. 
20). 

If the current subscriber is a data subscriber (step 2500), the CDMA planner determines 
whether the subscriber's supplemental channel count is greater than zero (step 2514). if not, 
25 the power limited sector is removed (refer to Point E of Fig. 23). If the subscriber's 
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supplemental channel count is greater than zero, the CDMA planner reduces the subscriber's 
data rate (implements fall back) (step 2516). Then, the CDMA planner checks whether the 
minimum allowed data rate for the application associated with the subscriber has already been 
reached (step 2518). Fall back is not permissible where the next fall back step would reduce 
5 the subscriber's data rate below that permitted by the subscriber's associated application. 
Thus, if the minimum fall back rate was already reached, the data user is blocked (step 2520), 
and call admission processing continues for the next subscriber (refer to Point F, Fig. 20). If the 
minimum data rate had not already been reached, the CDMA planner recomputes the # of 
supplemental channels or supplemental code channels required at the reduced data rate (step 
2o 2522), and call admissions with no handoff is re-run for the current subscriber at the reduced 

data rate (refer to Fig. 24). 
id Radio configurations were mentioned in the reverse and forward link analysis 

•ll discussions above. In IS-2000 networks, subscriber units (e.g., mobile or stationary wireless 
q access terminals) may operate with a number of different radio configurations. For example IS- 
pAS 95B compatible subscriber units may operate in radio configurations 1 or 2 (RC1 , RC2), which 
a define fundamental and supplemental code channels, as well as corresponding data rates. IS- 
2000 compatible subscriber units extend the number of configurations. The CMDA planner 
preferably incorporates the first five radio configurations defined in the TIA/EIA IS-2000A 
standard for the Forward Link, and these configurations include RC3, RC4, and RC5. As earlier 
20 noted, each of these configurations relate to the number of supplemental channels and 
supplemental code channels assigned and the corresponding data rate of those channels. 
Additionally, the allowable fall back rates are defined for each application type associated with 
one or more of the subscriber units within the simulation population. The allowable fall back 
rates are based on the specifications in the standard. The minimum data rate in the set 
25 represents the minimum operational data rate for a corresponding application. These fall back 
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rates are used in the forward and reverse link fall back procedures discussed earlier herein. 
Note that forward and reverse link fall back rates are independent. The peak data rate required 
per application, indicated by Rb\s also defined independently for the forward and reverse links. 
Similarly, the smallest or lowest data rate permissible for a given application type is identified as 
Rb_min , and is likewise independently defined for the forward and reverse links. 

The CDMA planner reconciles the radio configuration between each subscriber and the 
sector or sectors supporting that subscriber in any given simulation trial run. Initially, the CDMA 
planner is configured such that the required or compatible radio configurations are defined for 
each subscriber based on associated application data rate, and the allowable Frame Error Rate 
(FER). Allowable or maximum FERs are defined per application on a per channel basis, and 
likewise for each sector. 



Performance data relating the bit energy-to-noise ratio 



versus FER may be 



expressed as a set of performance curves. The above parameters (e.g., Radio Configuration, 



data rate and FER) are used to access these performance curves to determine the 



value. 



For a subscriber unit, the CDMA planner selects the Radio Configuration compatible with the 
defined application type that provides the lowest resource consumption, which correlates to 



selecting the Radio Configuration having the lowest 



value. 



E ^ 



All the I ^~ 



values are generated based on an associated set of independent 



simulations. Each value generated preferably depends on the following variable set: radio 
20 configuration, data rate set, target FER (e.g., 0.5%, 1 .0%, 2.0% , 5.0%, 10%), system type (e.g., 
fixed or mobile), channel code (e.g., convolutionai or turbo code), channel type (e.g., pedestrian, 
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vehicle, fixed, etc.). Based on the characteristics associated with the subscriber and the 
corresponding application, the CDMA planner selects the proper value from the set of energy- 



to-noise simulation results. The 



values generated from the simulations are presented to 



the planner user as default recommended values, but may be overruled or replaced if desired. 

Modeling subscribers based on data rate permits users of the planning tool to 
incorporate mixed or different data rates in the CDMA planner's simulation runs, as well as 
permitting tool users to define or modify the simulated data rates as newer, higher data rate 
services evolve. Call models as used by the CDMA planner are also flexible enough to 
incorporate future changes regarding new applications and configurations. 

At a given receiver (subscriber unit), the value of the bit energy-to-interference ratio 



( F \ 

b changes depending upon the location of the subscriber unit. Relative mobility between 



the subscriber unit and a sector (base station) also affects the 



K N <J 



measurement at the 



associated sectors. The CDMA planner may incorporate one or more additional subscriber- 
specific identifiers to quantify or indicate relative mobility. Different sets of randomly generated 
static users in each trial based on demand and subscriber distribution specifications provide a 
technique to simulate time and mobility trends in the system simulation. 

Rb\v S ( im ( ibin >fi)) represents the peak data rate for an application associated with a 
given subscriber unit in the reverse link. 

(Eq. 31) 

identifies the set of all possible data rates available for the application in the reverse link. Note 
that the last element in the set represents the minimum allowable data rate. 
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FER^^iimiibinJi)) and FER^_ R _ SCHi ^(imiibinj,)) represent the required or 

maximum allowable FER for the fundamental and supplemental code channels in the reverse 
link. The letter N represents the number of SCCHs required for the application for the given 
FER requirement. The maximum value of N is preferably seven for SCCHs in RC1 and RC2. 
For RC3, RC4, and RC5, the preferred maximum value for SCHs is two. 

[RC^iimiibinJ^^ 

(Eq. 32) 

identifies all the radio configurations compatible with the subscriber unit in the reverse link. In 
the reverse link, the CDMA planner incorporates radio configurations from RC1 to RC4, from 
those specified in the TIA/EIA IS-2000A standard. For the forward link, configuration data 
R^ Fwd {imiibinjj)) identifies the peak data rate for the application in the forward link. 

(Eq. 33) 

identifies the set of all possible data rates available for the application on the forward link. This 
set contains all the possible fall back rates for the application, including the minimum data rate 
compatible with the application. 

FER^ F^cffiimiibin,/;)) represents the required FER on the fundamental channel in 

the forward link, while FER c req _ F _ SCHx M {im{ibin,f.^) represents the required FER on the 

supplemental channels (SCH or SCCH) for the application. In these two equations, the letter M 
represents the maximum number of supplemental channels for the required FER and is 
preferably a maximum of seven for RC1 and 2, and two for RC3, 4, and 5. 
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Thus, [/?C f J [;] (*m(/^ 

identifies all the radio configurations compatible with the given subscriber in the forward link. In 
the forward link, the CDMA planner incorporates radio configurations from RC1 to RC5 from the 
set of radio configurations specified in the TIA/EIA IS-2000A standard. At this point, we have 
identified the compatible radio configurations for both reverse and forward links, based on FER, 
application data rate requirements, and the radio configuration specifications for both subscriber 
units and sectors in the system. 

A first matrix may be used to express all possible radio configurations in the reverse link. 
Preferably, the matrix has two columns, one per channel type, with the first column used for 
fundamental channels, and the second for supplemental channels. The elements of the matrix 



are the 



V ' J 



values discussed earlier. A may be placed in any element position where the 



corresponding radio configuration is not supported by the corresponding subscriber unit. The 
matrix may thus be expressed as, 



M 



!D_EbNt 





m l2 ■ 
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(Eq. 34) 



Where the expression, 



M 



ID_E b N t 



(i,j)= Graph 

{V/e{l N}} 



Rl% vs (™( ibin Ji))> FE Keq_R-SCHj iim ^ 
(im(ibin,fi)) 



K N( keq_SCH j tch 



Convolutional 
Codes 



(Eq. 35) 
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may be used to generate the individual matrix element values based on the FER vs. 

performance curves or data described earlier. Note that additional data sets or matrices 



are generated separately for Turbo Coding as defined by the IS-2000 standard, if the tool user 
wishes to simulate operation with Turbo Codes in addition to the standard convolutional coding. 
For the reverse link, inputs to the equation above may be expressed as 



FERL R . FCH {imiibin, /,)) IF q = \ 



* 3 = \RC^\ pl {im(fbinJ,)) P = U.,4 ( Ec l- Set 36 ) 

where the first expression is the peak data rate associated with the corresponding application, 
and the second expression represents the corresponding FER required per channel type. The 
third expression represents the set of supported radio configurations. 

The corresponding output (i.e., the value extracted from the performance data)^ is 
given as, 



turbo code 



h 

N 



(im(ibin, /.)) 



V t Jreq^FCH _tch 



IF 



App m (im(ibin,f,)) 



turbo _ code 
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\\ and {? = l} 



it and {q = 2) Vy 6 {l,..., n} 



(Eq. 37) 
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The above output value corresponds to the reverse required traffic bit-energy-to- 
background-noise-power-spectral-density for each channel associated with a subscriber at the 
assigned frequency f,. Here, M and N represent maximum supplement channel numbers for the 
given radio configurations as discussed above. If Turbo Codes are being used, an appropriate 
flag may be set so as to permit proper selection in the above expression. 

The above function generates a matrix element with a value of for unsupported radio 
configurations. Further, if N is less than M, the current matrix row will be filled with -1 values 
until the column number M =1 is reached. Similarly, if M is less than N, the corresponding row 
will be filled with -1 values until the N + 1 column is reached. 

With the above information, the radio configuration is selected based on, 



[RC{i)\ 



\selected 



ieM? D _ EbNt (i,j): 



min 

VW„4 

and 



VMS 



m 

ID EbNt 



(Eq. 38) 

The above matrix generation and radio configuration selection is repeated on the 
forward link for each subscriber. Possible reverse link and forward link radio configuration are 
selected based on the specified data rate, target FER, system type, channel code, and channel 
type. The CDMA planner searches these available sets of simulated values on both the forward 
and reverse links independently to find the radio configurations having the lowest corresponding 
bit-energy-to-noise values. The selected radio configurations may differ between the forward 
and reverse links for a given subscriber. The CDMA planner may allow operation with different 
forward and reverse link radio configurations, or it may allow the planner user to specify the 
radio configurations to be used based on the identified sets of allowable radio configurations. 
Alternatively, the CDMA planner may reconcile the forward and reverse link radio configurations 
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by selecting the best match between the lowest bit-energy-to-noise configurations in the forward 
and reverse links. 

The CDMA planner as described above is subject to much variation, and thus the 
foregoing descriptions and accompanying drawings should be understood to be exemplary 
rather than limiting. Indeed, the scope of the present invention is limited only by the attached 
claims and the reasonable equivalents thereof. 



62 



